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flic attachment of barnacle cyprids to exposed surfaces is influenced by the

degree of illumination and the surface color. Cyprids of BaJonns amphi trite and
BaJonus improvisus were found by Visscher (1927) to attach in greater numbers
to dark or shadowed surfaces. McDougall (1943) noted this same behavior for

the cyprids of B. cbnrncus. When exposed only at night, however, Pomerat and
Reiner (1942) noted that B. eburncus attached to black, clear and opal glass in

equal numbers. Twice as many barnacles attached to the black glass in natural

day-night exposures. Gregg (1945) investigated the effect of contrasting dark
surfaces against lighter general surroundings. He concluded that while no corre-

lation could be established between the degree of contrast and the frequency of

attachment, "shading" was suggested as acting as a stimulus to the attachment of

the larvae of B. cbnrncus to opal glass collectors.

In the present investigation the rate of attachment of cyprids of B. improvisus

during daylight and night exposures, and the effect of artificially illuminating the

collecting surface at night were observed. The effect of the tide on the rate of

attachment of cyprids was also studied. This work was carried out at the boat

shed of the Reach Boat Slips Corporation in Biscayne Bay, Miami Beach, Florida.

METHODS

Four stations for sampling the barnacle cyprid population were established under

and adjacent to a covered boat slip which extended 250 feet from the shore, the

stations 1 icing at the outer end of the shed.

Stations A, B and C were control stations for comparison with Station D, which

was illuminated at night. Stations A, D and B were spaced 55 feet apart, in that

order in a north-south line paralleling the general flood and ebb movement of the

tidal current. Station C was located 60 feet to the west of Station D. The condi-

tions of natural and artificial illumination at each of these stations were as follows:

In the daylight hours illumination at each of the four stations was nearly the same

through the day. The intensity at each location depended on the proximity of the

shadow of the shed. At Station A, daylight illumination was skylight; at Station

I', the collector swung in and out of the sun and shadow of the shed with the phase

< unlriliution No. 400 from the Woods Hole ( )ceanographic Institution. The observations

were made during an investigation by the Woods Hole Oceanographic Institution under con-

Cl with the J'.nreau of Ships, Navy Department, which has given permission for their publi-

cation. The opinions presented here are those of the author and do not necessarily reflect the

official opinion of the Navy Department or naval service 1 at large. The author is indebted to

Dr. I',. II. Ketchnm, Dr. L. W. Hutchins and Dr. A. C. Rcdfield for helpful advice and criticism

and to Mr. Alexander C. Frue for assistance in making the observations.
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of the tide ; and Station C was in full sunlight, whereas Station D was under the

shed roof and in the full shadow. At night, Station D was artificially illuminated,

while Stations A, B and C were in darkness.

Collecting units consisting of four pieces of black glass (500 sq. cm. collecting

area) were suspended from a float. The surface panel was horizontal while the

others, at depths of 2, 6 and 10 feet, were hung in a vertical position. The 10-foot

level was just above the bottom at low tide and three feet higher at high tide.

The periods of collection, day and night, were eleven hours each, from 7:30

A.M.-6:30 P.M., and 7:30 p.M.-6:30 A.M. The eleven-hour exposure permitted no

significant overlapping period of dark to light or light to dark when the collectors

were in the sea. The one-hour interval between exposures permitted counting,

cleaning and reimmersing of the collection units.

TABLE I

Numbers of cyprids attaching during consecutive night and day periods of eleven hours each at

three stations. The figures are the sum of the collections on four panels of 500 sq. cm. area each, hung

at different depths.

Cyprid attachment night
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DIURNAL VARIATION IN CYPRID ATTACHMENT

Observations on five successive nights and four intervening days in two separate
series indicated that many more cyprids settled during the period of daylight, as

shown in Table I. In the first set of observations, the ratio of the average of all

the day collections to the average of the corresponding night collections indicated

an increase of 2.1 times the number of cyprids attaching in daylight, while in the

second series the ratio of day to night attachments was 3.5.

It is of interest to note that in the first set of collections when the cyprid density,
as shown by total attachment day and night, was lower than the second set of col-

lections there are examples of day collections being nearly of the same magnitude
or even slightly less than the night attachments. This condition was found only at

Stations A and B which were wholly or partially shaded from direct sunlight during
the daylight hours. A partial explanation of the relatively high night attachments

of the first set of collections may be due to the fact that these were made under the

full of the moon whereas the second set were made in the dark of the moon. How-
ever, when the cyprid density was high, as during the second set of observations,

no discrepancies from the diurnal fluctuation in attachment were noted. The maxi-

mumdifferences between night and day attachments were always found at Station

C which had the maximum difference in illumination.

VERTICAL DISTRIBUTION OF CYPRID ATTACHMENT

The vertical distribution of barnacle cyprids at Stations A, B and C showed no
consistent pattern which would suggest dependence on any particular controlling
factor. In the first set of collections, shown in Figure 1, the maximum numbers at

Station A, both day and night, were found at the 2-foot level. At Station B, all

the day collections showed cyprid peaks at the 6-foot level, whereas, at night, attach-

ment was nearly uniform between the 2-foot level and the bottom, except for one

observation. At Station C, the day collections resulted in maxima at the 2-foot

level on three occasions and a 6-foot maximum on one occasion.

The second series of vertical samplings, as shown in Figure 2, were made at a

period of higher cyprid density which resulted in collections of considerable magni-
tude for several of the eleven-hour periods. However, no consistent pattern of

vertical distribution was apparent.
This erratic distribution of cyprids, both vertically and in comparison of sta-

tions, is of particular interest, in view of the relatively close proximity of the col-

lecting units. The apparent random attachment of cyprids to the collecting units

is probably due to a nonuniform distribution of cyprids in the water. Since the

number of cyprids attaching does not decrease with depth, it is apparent that inten-

sity of illumination does not control vertical distribution.

EFFECT OF ARTIFICIAL ILLUMINATION ON CYPRIU ATTACHMENT

The normal diurnal cycle, with lower attachment numbers at night, was abol-

ished by the use of artificial illumination at night at Station D. The cyprid attach-

ments at night under artificial illumination at Station D were greater than the day-

light counts at this location and were nearly as large as the daytime collections at

Station C where the intensity of daylight illumination was greatest. As shown in
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Figures 1 and 2, artificial illumination, however, had little if any effect on vertical

distribution of the cyprids.
In order to determine the intensity of illumination necessary to increase the

cyprid attachments at night, the illumination over the collectors at Station D was
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FIGURE 3. Total cyprid attachment for the eleven-hour collection periods at each station.

The numbers plotted with Station D, night collections, are the values in footcandles at the

water surface of the artificial illumination employed.

systematically changed. In the first series, the incident illumination at the water

surface was varied from 36-1.0 footcandles, and in the second experiment, from

1.0-0.00 footcandles. The variations in vertical distribution at each station, wf hich

are apparently due to other factors, have been smoothed by totaling the cyprid accu-
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mutations from each of the four glass collectors. This figure then represents the

catch from the cyprid population of a vertical column of water. As shown in Figure
3, the illumination of the collectors at Station D resulted in a two to sevenfold in-

crease in numhers of cyprids attaching over those found on the control surfaces.

The daily variation in cyprid numhers attaching at night to the illuminated collectors

of Station D resembled more nearly the daily fluctuation in cyprid density as found

on the daylight collections of Station C. Although the night collections of Station

D paralleled the cyprid density fluctuations as found at the unilluminated stations,

they were of course several times greater in magnitude. This result was obtained

within the limits of illumination of 36 to .08 footcandles at the water surface. On
the final night exposure of the second series, when Station D was not illuminated,

its cyprid collection was still slightly greater than the other three stations. How-
ever, this difference is probably within the normal variation. During the day the

collections at Station D were of the same magnitude as at A and B and considerably
less than those at C.

TABLE II

Numbers of cyprids attaching in eleven hours at night at the 10-foot depth at Station D as related

to quantity of artificial illumination and in comparison with the simultaneous attachment at Stations

A
,
B and C.

Value of

illumination at D
at 10-foot depth

(footcandles)
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respond. When the cyprid density was high, thus providing more organisms which

would by random selection be subjected to the contrast of luminous zone and dark

area, the greatest change in cyprid attachment occurred when the illumination of

the water surface was changed from 0.6 to 0.2 footcandle. At 0.6 footcandle and

greater intensities, the difference in cyprid settling, in comparison to the controls,

was sevenfold, while at 0.2 footcandle and less, the increase over the control col-
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FIGURE 4. Bi-hourly cyprid attachment at each station totaled from the four collecting

surfaces. The height of tide is noted in decimeter units. February 15, March 7 and 8, 1946.

lectors was only twofold. However, at illumination as low as .03 footcandle, in-

creases in attachment over control collectors were still considerable.

Previous investigations (Visscher, 1927; Pomerat and Reiner, 1942; and

McDougall, 1943) showed that the barnacle cyprid attaches in daylight in greater

numbers to dark surfaces than to light surfaces. At night, as is to be expected,

there is no distinction between the two colors. In this investigation illumination

of dark collecting surfaces at night increased attachment. One effect of illumination
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is to increase the contrast between the dark surfaces and the surrounding water.

In waters with considerable suspended material, as usually found in harbors and

estuaries, a beam of light is markedly scattered, producing a general illumination

in the water. A piece of black glass suspended in these waters under a source of

illumination was discernible to the observer as a black area surrounded by brighter
water. When the water appears brighter than the collecting surface, at night
because of artificial illumination, or during daylight, the cyprids may be attracted

to the darker area by some negative phototropic response and may accumulate there

in greater numbers than would result from chance encounters. In contrast, in

the absence of light at night, the numbers of cyprids attaching may depend solely

on chance encounters with the collecting surface, and are consequently lower than

during periods of illumination.

EFFECT OF STAGE OF TIDE

On collectors exposed through the day and examined at two-hour intervals, the

maximum numbers of cyprids attached during the low-tide period as shown in

Figure 4. This was found whether the low tide occurred at midday, in the early

morning, or late afternoon. As in the case of the longer exposures, there was no

indication that the distribution of cyprids on the panels was influenced by the depth
at which they were hung.

At the location of this experiment, the ebbing tide brings to the boatshed

water which is isolated within the bay. It is replaced at high tide with oceanic

water entering the bay on the flood. This is shown by the change in density ac-

companying the tidal cycle. The isolation of the bay water permits development
of a large cyprid population, since few of the plankton stages are lost into the ocean

prior to metamorphosis to the cyprid stage. At the low-tide period, the sampling
location was occupied by the bay water with high cyprid content, and this apparently
accounts for the greater attachment at that time. The high attachment at low tide

cannot depend upon the lessened flow at that time, since a similar slack water occurs

at high tide when the attachment is minimal.

SUMMARY

1. The cyprid larvae of Balanus improirisus were found to settle in a diurnal

rhythm with maximum numbers attaching during daylight hours.

2. No consistent pattern of vertical distribution of the cyprids was found.

3. The normal diurnal cycle in rate of attachment of barnacle cyprids was nulli-

fied by the use of artificial illumination over the collecting surfaces at night.

4. The magnitude of the cyprid collection on the artificially illuminated surfaces

was equal to the collection on the sun-illuminated surfaces in daylight.

5. The intensity of artificial light necessary to produce large cyprid attachments

at night was of an order as low as 1 footcandle at the water surface.

6. No correlation was found between the quantity of artificial light at night and

the numbers of cyprids attached.
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7. The highest rate of cypricl attachment relative to the phase of the tide was

found to occur when the waters of upper Biscayne Bay were sampled at the col-

lecting station. This body of water reached the sampling station at low tide and

was characterized by a high cyprid population.
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